We performed a prospective, double-blind, placebo-controlled, longitudinal adjuvant therapy trial to determine the efficacy of cidofovir in the treatment of severe recurrent respiratory papillomatosis (RRP). Although results of case series suggest that cidofovir may decrease the frequency and rapidity of papilloma regrowth, no blinded placebocontrolled studies have demonstrated efficacy. Methods: Adults and children (n = 19) with aggressive RRP received either active drug (cidofovir) or placebo. When surgical intervention was needed, drug or placebo was injected into affected areas after surgical removal of disease. The following measures were made at baseline and at 2-month intervals for the course of 12 months: Derkay papilloma severity grading scale, Voice Handicap Index, Health-Related Quality of Life, and total number of procedures performed over 12 months. Results: At 2-and 12-month follow-ups, there was a significant (p < .05) improvement in the Derkay Severity Score within the cidofovir and placebo groups, but no difference between groups, and no difference between groups in the number of procedures performed. Significant improvement was found in Voice Handicap Index scores in the cidofovir group at the 12-month follow-up. No differences were seen in Health-Related Quality of Life. Conclusions: A randomized, blinded, placebo-controlled trial is necessary in the study of RRP, because the natural history of the disease can include remissions and reactivations. We found a significant improvement in the Derkay Severity Score 12 months after the baseline assessment in patients treated with cidofovir. This effect, however, was also seen in the placebo group. Accordingly, we were unable to provide proof of efficacy of cidofovir in the treatment of RRP.
INTRODUCTION
The human papillomavirus (HPV) has been found to cause recurrent respiratory papillomatosis (RRP) in the aerodigestive tract in both children and adults. The natural history of the disease is typified by spontaneous remission and reactivation, which increase the difficulty in studying the efficacy of treatment. Although the disease is rarely fatal, its management often includes prolonged and extensive medical and surgical treatment that can cause physical and emotional suffering for the patient and family. The potential risk of iatrogenic complications increases with the number of surgical interventions required to maintain an adequate airway; therefore, adjuvant therapies to decrease or arrest the growth of the recurrent respiratory papilloma would be very desirable. Although enthusiasm continues for many adjuvant therapies, none have been studied by a controlled and blinded approach with appropriate randomization of participants. Thus, we sought to investigate the efficacy of adjuvant intralesional cidofovir in a randomized, placebo-controlled, and double-blinded manner. We hypothesized that use of cidofovir would decrease the Derkay Severity Scores in our surgical patients with RRP.
Three clinical patterns of RRP exist: juvenileonset, adult-onset, and juvenile-onset with persistence into adulthood. 1 As stated by Naiman et al, 2 the presentations in adults and children have mild differences in clinical expression. Naiman et al 2 also confirmed that although RRP is a disease of childhood, the onset of RRP can occur at any age. The aggressive form, more common in children, can also occur in adults. The clinical course, they added, is often unpredictable. 3 The incidence of the juvenile form of RRP has been estimated to be around 4.3 per 100,000 children (0.0043%) in the United States. 4 The worldwide incidence of HPV infection of the cervix without atypia ranges from 1.4% in Spain to 25% in Nigeria. 5 Human papillomavirus was also found in 2% of tonsil specimens taken from patients without a history of RRP. 6 The relatively high prevalence of HPV compared to the relatively low occurrence of RRP, as well as the differences in clinical presentations, suggests that there are unidentified host factors that determine disease expression.
Presently, surgical resection of bulky disease, either by various lasers or by powered microresector, 7, 8 is the gold standard for managing RRP. The maintenance of a patent airway while preserving voice and swallowing is of utmost concern. Any adjuvant found to decrease the recurrence or to induce remission would be welcomed.
Currently, there are no available antiviral agents specific for HPV. Various adjuvant therapies have been attempted, including radium implants, radiotherapy, chemical or electrical fulguration, destruction with escharotics, and the application of calcined magnesium. Vaccines not specific for HPV have been tried, including bovine wart vaccine, smallpox vaccine, and mumps vaccine. Immune modulation has also been attempted with alpha-interferon, methotrexate, cimetidine, ribavirin, indole-3-carbinol, and 13-cis-retinoic acid. Furthermore, antivirals with higher affinity for viral particles other than HPV have also been used, including acyclovir and cidofovir. 1 Cidofovir has gained much enthusiasm in the treatment of RRP. It is approved for the treatment of cytomegalovirus (CMV) retinopathy in patients with acquired immunodeficiency syndrome (AIDS). Cidofovir acts as a cytosine nucleotide analog and suppresses DNA replication, with a higher affinity against viral DNA synthesis. It has the highest affinity for CMV, herpesvirus (HSV), and adenovirus DNA synthesis, but also has properties against HPV. Cidofovir may be administered topically, systemically, or by local injection into lesions.
Many case series involving intralesional cidofovir have been reported with various but encouraging results. [9] [10] [11] [12] [13] [14] [15] Although the concentration and frequency of cidofovir administration differed among the case series, the results generally demonstrated that the majority of patients had a complete or partial remission during the study period. None of the case studies, however, included a control or were blinded to the treatment regimen.
Because the natural history of RRP includes spontaneous remission or reactivation, the purpose of our study was to investigate the efficacy of adjuvant intralesional cidofovir administration during the surgical treatment of RRP in a blinded, placebo-controlled manner.
METHODS

Participants.
The participants in this randomized, double-blind, placebo-controlled clinical trial were 19 consecutive adult or pediatric patients (5 to 17 years of age) who presented to the University of Wisconsin Otolaryngology-Head and Neck Surgery Clinic with a diagnosis of RRP who met inclusion/exclusion criteria and gave informed consent to participate. Minors also provided assent to participate. This study was approved by the University of Wisconsin Health Sciences Institutional Review Board and received a "safe to proceed" designation from the US Food and Drug Administration (FDA; Investigational New Drug 58,481) for the off-label research use of cidofovir. The FDA dictated the drug concentrations allowed for use in this study.
To be considered for inclusion, the patients must have had 4 prior surgeries or other treatment for RRP within the past calendar year. These treatments were most often surgical vaporization or debridement, but could have also included trials of immunomodulating agents, chemotherapeutic agents, antiviral agents, hormonal agents, or antireflux medications. Accordingly, the participants manifested severe RRP for which other avenues of treatment had been exhausted. The exclusion criteria were pregnancy or plan for pregnancy within 12 months after admission to the study; breastfeeding; renal insufficiency or history of renal disease; use of nephrotoxic medications if it was not possible to discontinue their use before study participation; use of systemic or topical medications for HPV, including all types of chemotherapeutic agents and adjuvant therapy such as interferon or steroids; history of malignancies or carcinoma of any type; immune deficiency; radiotherapy of the larynx, trachea, bronchi, or lungs; and baseline laryngeal biopsies that indicated the presence of carcinoma of any type, including verrucous carcinoma. In addition, patients were excluded if they had a hypersensitivity to probenecid or if laboratory findings were abnormal, including creatinine levels and clearance, proteinuria, blood urea nitrogen, hemocrit, white blood cell and platelet counts, liver function tests, alkaline phosphatase, serum glutamic-oxaloacetic transaminase, L-lactate dehydrogenase, amylase, and creatine phosphokinase.
Study Design and Procedures. The participants were randomly assigned to either a cidofovir injection group or a placebo group according to a predetermined random schedule stratified for adults versus children. A double-blind, placebo-controlled experimental design was used. The placebo treatment was injection of saline solution that had a color and The study participation lasted for 12 months. At the first study visit, the participant's upper aerodigestive tract was examined with videoendoscopy and baseline RRP severity was quantified with a published RRP staging instrument, the Derkay Severity Score. 16 The Derkay Severity Score has a range from 0 to 86. A lower Derkay Severity Score indicates less severe disease and an improved clinical course for RRP. In addition, as part of a larger protocol, health-related quality of life was assessed via the Quality Metric Short Form 12 (SF-12) for adults 17 and the Pediatric Quality of Life Inventory (PedsQL) for children. 18 After the baseline evaluation, the participants were seen in the clinic at the end of five 2-month time intervals over the course of 1 year, for a total of 6 visits for the recording of study data. Assessments were made at these time points regardless of the scheduling of surgical interventions.
The participants received surgical intervention for the RRP, as needed, throughout the course of the study. Surgery consisted of carbon dioxide laser ablation or microresection of the papilloma with a laryngeal skimmer blade and the Magnum powered hand instrument (Medtronics Xomed, Jacksonville, Florida). The choice between the two ablative techniques was determined by the surgeon's preferred technique. All of the adults and half of the children received carbon dioxide laser ablation. The difference in treatment methods between pediatric subjects was due to there being two different treating surgeons. The individual treating surgeon assessed the symptoms of the subjects and determined the time interval between treatments. All surgeries were documented via videoendoscopy. While the patient was under anesthesia, the surgeon ablated the papilloma by either carbon dioxide laser or microresector and then injected active drug or placebo into the tumor base.
With regard to cidofovir concentration, the FDA initially allowed a concentration of 0.3 mg/mL for children (less than 18 years of age) and 0.75 mg/mL for adults (18 years of age and older). Midway into the study, the FDA permitted an increase to 5 mg/ mL for both children and adults. The number of injections per treatment and the volume of each injection were at the discretion of the surgeon. No more than 6 treatments were performed per patient within the 12-month time interval of the study.
Participant characteristics, drug concentrations, and baseline RRP severity are shown in Table 1 . It can be noted that the study sample was predominantly male. Within the cidofovir treatment group, 6 of the 10 participants who received active drug had injections of 0.75 mg/mL, 1 participant received 0.3 mg/mL, and 3 participants received 5 mg/mL. The placebo group contained 9 participants.
Before inclusion in this study, and 48 hours before each cidofovir injection, laboratory tests confirmed that the (female) participants were not pregnant and that laboratory findings were not exclusionary for study participation. In addition, participants received telephone calls from a study nurse 1 and 3 days after surgery, and returned to the clinic for additional laboratory tests and laryngeal videoendoscopy 14 days after surgery to rule out potential medication toxicities.
Statistical Methods. The number of procedures performed over the 12-month follow-up period and the 2-month and 12-month improvements in Derkay Severity Score, Voice Handicap Index (VHI) score, and Health-Related Quality of Life (HR-QOL) score were compared between the cidofovir and placebo groups with a Wilcoxon rank sum test. The withingroup improvement at 2 months and 12 months was examined with a Wilcoxon rank sum test. We considered p values of less than .05 to be significant.
All analyses were performed with SAS statistical software version 9.1, SAS Institute Inc (Cary, North Carolina).
RESULTS
There were a total of 19 patients enrolled in the study. Ten were randomized to the cidofovir group, and 9 into the placebo group. The average age in the cidofovir group was 32 years (range, 5 to 58 years). There were 2 female and 8 male patients in this group. The concentrations for cidofovir injected ranged from 0.3 to 5.0 mg/mL, and the volumes injected ranged from 0.5 to 3 mL. There were no significant differences seen in the volumes injected into the placebo group and the treatment group. The amount injected was determined by the treating surgeon and was based on the extent of disease and the size of the larynx. There was 1 participant in the 0.3-mg/mL group, there were 6 participants in the 0.75-mg/mL group, and there were 3 participants in the 5-mg/mL group. The placebo group had an average age of 28 years (range, 9 to 40 years). There were 8 male participants and 1 female participant in this group.
The average starting Derkay Severity Scores were 13.2 (range, 5 to 33) for the cidofovir group and 12 (range, 5 to 23) for the placebo group. The average numbers of procedures during the 12-month study were 2.9 for the cidofovir group and 3 for the pla-cebo group. There were no statistically significant differences between the two groups for these parameters.
As seen in Table 2 , there were statistically significant decreases in the Derkay Severity Score seen at 2 months and at 12 months. Specifically, these decreased scores were 3.7 points (range, 0 to 11) and 2.7 points (range, 0 to 13), respectively, in the cidofovir group. These decreased scores were also demonstrated in the placebo group: 3.6 (range, 1 to 11) at 2 months and 5.1 (range, 0 to 16) at 12 months. Although there was a statistical difference between the initial Derkay Severity Score and the scores obtained at 2 and 12 months for the cidofovir (p < .05) and placebo (p < .05) groups, there was not a statistically significant difference between the cidofovir and placebo groups at any time point. Although there was a trend to a lower Derkay Severity Score in the cidofovir group at 12 months compared to the placebo group, the difference was not statistically significant. Fig 1, a statistically significant improvement in the functional subset of the VHI score was observed in both the placebo and cidofovir groups (p < .05) after 12 months of participation in the study, although there were no differences between the 2 groups. There was also a significant improvement in the Total VHI score and the VHI subset (emotional and physical) scores in the cidofovir group (p < .05; Fig 2) . Although there was a trend toward improved scores for the emotional and phys- Fig 1. Voice Handicap Index (VHI) scores for placebo and cidofovir groups at baseline and at 12-month interval. There was significant decrease in VHI score after treatment of recurrent respiratory papillomatosis in both placebo and cidofovir groups. There was no difference seen between cidofovir and placebo groups. Lower VHI score correlates with better perceived voice-related quality of life. ical components and for the Total VHI score in the placebo group, they did not reach statistical significance. The HR-QOL (SF-12; Fig 3) and the PedsQL did not demonstrate differences from preinjection to posttreatment in either group. We saw no study-related adverse reactions to the injections in either the placebo group or the cidofovir group.
As shown in
DISCUSSION
Our study showed a significant decrease in the severity of RRP seen at 2 and 12 months after intralesional injection with cidofovir at the time of surgical removal of gross disease. However, this significant difference was also seen in the placebo group. We saw a dramatic decrease in the Derkay Severity Score and improvement in the VHI after intralesional injection of either cidofovir or placebo. The cidofovir group trended toward a better Derkay Severity Score 12 months after treatment than did the placebo group, but the difference did not reach statistical significance. It is possible that the low concentration of drug used and the interval between treatments did not allow for significant differences to be seen. The cidofovir group scored better on the Total VHI than did the placebo group.
As surgical microresection is currently the standard of care, we used the cidofovir injections as an adjuvant to surgical ablation. We allowed the surgical indications for the management of RRP to dictate the frequency of cidofovir injection. Some case series have utilized frequent intralesional injections for therapy. They have escalated the intralesional injections to every other week for several injections. 19 Some investigators have reported a better response to treatment with higher dosages and increased fre-quency in adults in uncontrolled trials. 2 Although our treatment protocol differed in the frequency of injections from these other studies, we too showed a decrease in the severity of RRP with treatment.
An important difference of this study from others is the addition of a placebo control group. This placebo group had intralesional injections of saline solution. The surgeon and subject were blinded as to whether the injectate was placebo or drug. We added this group to decrease bias. No other study regarding the treatment of RRP with cidofovir has included a placebo group. The recognized but unpredictable behavior of spontaneous remission and reactivation confounds the study of treatment efficacy in RRP patients. The presence of spontaneous changes in disease expression requires that researchers control for this possibility in their study design. Wellmeaning but inherently biased observations may also subvert reported outcomes if the observers are not blinded to treatment.
Although we were able to standardize treatment in our placebo and drug groups during the study, the treatment of all of our subjects prior to the study could not be controlled, because some of these patients received treatment before being referred to our institution for management. The difference between their prior treatment and the overall approach to treatment during this study may account for some of the parallel improvements seen in both the test and control groups.
There were also fewer patients in the pediatric group, in part because there are fewer pediatric patients than adults with papillomatosis in our community. Recruitment issues may have also played a role in the pediatric population, as parents may be less willing to enroll their children in placebo-controlled studies rather than open treatment studies. The sparse pediatric population in this study may make it difficult to compare our findings with those studies whose primary population was pediatric. Comparison of our findings to those of studies of RRP in children is further limited by the possibility that there may be some metabolic or immunologic differences between the responses of children and adults to treatment with cidofovir for RRP.
The antiviral cidofovir has been used intralesionally with various frequencies of administration and in various concentrations. The typically reported injection concentration has been between 2.5 and 10 mg/mL. 20 The FDA restricted the concentration of cidofovir we could use. We were required to use much lower concentrations than those typically reported in the literature. This, in part, was due to possible toxicity seen with cidofovir utilization. We, however, ob- served no adverse effect from the administration of cidofovir. During the study, the FDA allowed us to increase our drug concentration. Although the number of subjects in the higher drug concentration group was small, no differences were seen between the low and high concentration groups. We thought that increasing the concentration of the drug in the middle of the study would not adversely affect the results. We did not want to discard the results from the patients with lower concentrations, as they had already finished the protocol. We also felt that at worst, the increase would dilute the change we would see. Although improvements were seen in the Derkay Severity Score and the VHI at 12 months in the cidofovir group, it is possible that statistical significance was not reached as compared to the placebo group because of the initial low drug concentration.
Along with the restriction of the drug dosage as required by the FDA, our study had a relatively small sample size. Even with a small sample size, however, the data reached statistical significance during analysis. As did other studies, ours showed a dramatic decrease in severity score of the RRP with cidofovir treatment -a finding that also characterized our placebo group.
This study showed a statistically significant improvement in Derkay Severity Score in patients treated with adjuvant cidofovir for RRP at 2 and 12 months after initiation of therapy. This improvement, however, was also seen in our placebo group. The VHI scores also significantly improved at 12 months for the cidofovir group. This finding dif-fers from the placebo at 12 months. There was no change, however, in the perception of general health as measured by the SF-12 in either group during the study period. There were also no differences in the frequency of surgical intervention between the two groups.
Cidofovir or placebo, when used as an adjuvant to surgical management of RRP, improves the Derkay Severity Score at 2 months and 12 months. Perhaps the placebo effect helped improve the clinical outcomes of these patients' Derkay Severity Scores, or perhaps some other factor influenced the outcome, such as intralesional hydrostatic dissection. As in many other case series, we found an improvement in clinical severity with intralesional cidofovir. Our placebo group, however, did just as well. Accordingly, we are unable to provide proof of efficacy of cidofovir in the treatment of RRP at the dosage and frequency of administration employed in this study.
Our data provide justification for further studies to determine the efficacy of cidofovir in treating respiratory papillomatosis. Our initial study design was to include multiple institutions. We were unable, however, to recruit other institutions to join our study, mainly because of the low initial dose of cidofovir we were required to use. We believe that a multi-institutional trial will help to increase the power of the study by increasing the number of subjects. We also believe that a placebo group is important in the study design. Had we not included a placebo group, we, too, would have attributed the improvement in clinical outcome to the cidofovir alone.
